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Chronic obstructive pulmonary disease (COPD) has been the fourth leading cause of death in the United States since at least 1978 (1) . It is an insidious disease, with many years intervening between development of pulmonary function abnormalities and onset of serious respiratory symptoms. Age-adjusted rates of death from COPD among men have leveled off since the early 1980s, while those among women have doubled (2) . Previous studies indicate that smoking cessation leads to a slowing of the accelerated rate of decline in pulmonary function noted in smokers susceptible to cigarette smoke (3, 4) . Although gender differences have been explored in some studies, few have commented on differences between men and women in the rates of pulmonary function change as they relate to smoking history (5-7).
The Lung Health Study was a randomized 10-center (nine in the United States, one in Canada) intervention trial conducted from October 1986 to April 1994 and was designed to test whether intervention with a bronchodilator and a smoking cessation program could reduce the rate of decline in pulmonary function among middle-aged smokers with mild to moderate airflow limitation. The primary endpoint was the rate of decline in postbronchodilator forced expiratory volume in 1 second (FEV 1 ) over a 5-year follow-up period.
The intention-to-treat analysis of Lung Health Study data has been reported previously (8) . Smoking cessation was found to have important effects on pulmonary function, particularly in the first year of the study, with a substantial improvement in FEV 1 and forced expiratory volume in 1 second expressed as a percentage of the predicted value of FEV 1 given the person's age, height, gender, and race (FEV 1 %) of predicted. In subsequent years, FEV 1 declined considerably less in the quitters than in those who continued to smoke. This paper focuses on differences between men and women in pulmonary function changes as they relate to randomized group assignment in the intention-to-treat analysis and also in a retrospective analysis as they relate to quitting smoking or continuing to smoke.
MATERIALS AND METHODS
The study population was 5,887 men and women participants in the Lung Health Study, a clinical trial of ipratropium and smoking intervention in patients with early COPD who were studied over 5 years. Of these persons, 149 died during the study period; of those surviving, 5,346 (93 percent) underwent pre-and postbronchodilator lung function measurements at year 5. Protocols were approved by the institutional review board for human studies at each clinical center, and written informed consent was obtained from each participant. Details of the study design, participant characteristics, smoking intervention program, and main outcomes have been published previously (8) (9) (10) (11) . Spirometry was performed at study entry and annually, with values for FEV 1 and forced vital capacity selected as the highest of the preand postbronchodilator measures (12) . Data are presented as absolute and percent predicted values (13) . Baseline airways reactivity was quantified by using the O'Connor two-point slope, defined as the percentage change in FEV 1 from diluent to the last attained dose of methacholine, divided by the cumulative dose of methacholine (14) .
We used mean change in postbronchodilator FEV 1 between baseline and year 5 to indicate overall change in lung function. Because quitters typically showed an initial increase in FEV 1 followed by a linear decline, we also analyzed changes between years 1 and 5. In the intention-to-treat analysis, participants were categorized by their randomized assignments: 1) smoking intervention with either ipratropium bromide (an anticholinergic bronchodilator) or placebo inhaler or 2) usual care. In the analysis, participants were categorized as continuous smokers, intermittent quitters, or sustained quitters on the basis of their annual, biochemically confirmed smoking status (15) . They were classified as smokers if their salivary cotinine levels were higher than 20 ng/ml. In those who used nicotine gum or other nicotine substitutes that invalidated cotinine measurement, compliance with smoking cessation was checked by measuring exhaled carbon monoxide concentrations; values of less than 10 parts per million defined successful compliance. Participants who did not attend follow-up visits for validation of smoking status were assumed to be smokers.
Continuous smokers were defined as those biochemically verified as smokers at each annual clinic visit. Intermittent quitters were biochemically verified as smoking at between one and four annual follow-up visits, and sustained quitters were biochemically verified as nonsmokers at all annual clinic visits. Because ipratropium bromide had only a small and transient effect on lung function (8) , in this analysis we combined both intervention groups as "smoking intervention" to focus on the effects of smoking changes and gender.
Statistical methods included the following: Descriptive statistics are presented in this paper as counts for categorical data and as means and standard deviations for continuous variables. Bivariate comparisons were made by using chisquare or t-test statistics, as appropriate. Graphic data are presented as mean ±2 standard errors. Linear regression and analysis of covariance were used to adjust changes in FEV 1 (or percent predicted) for baseline values, body mass index, number of cigarettes smoked per day, and methacholine reactivity. Terms for interaction of randomized treatment assignment and of smoking status with gender were used to evaluate gender differences in lung-function response to smoking intervention. Statistical significance was inferred when p < 0.05 (two sided).
RESULTS

Baseline characteristics
Baseline characteristics of study participants, by gender and by treatment group, are shown in table 1 (also refer to Buist et al. (10)). Men and women did not differ significantly in age, percentage with physician-diagnosed asthma, or FEV 1 % predicted. However, men and women did differ regarding number of cigarettes smoked per day, pack-years of smoking, salivary cotinine level, exposure to dust or fumes, years of education, married status, and O'Connor slope. The percentage of both genders married at baseline was higher in the smoking intervention group than in the usual care group (p = 0.004). Because group assignment was random, this was a chance finding.
Smoking intervention participants, as described in table 1, differed from usual care participants regarding only the percentage married: a higher percentage of men were married. No significant interactions were found between gender and the smoking intervention versus usual care groups.
Intention-to-treat analysis
The rate of change per year in postbronchodilator FEV 1 % of predicted is shown by gender and by treatment group in figure 1 and in table 2. In the unadjusted analysis, there was a greater spread between treatment groups in women's FEV 1 % predicted change data (-0.486 vs. -1.081) than in those for men (-0.555 vs. -0.922). We found significant effects for gender, treatment group, and the interaction of gender with treatment group in this analysis.
When mean FEV 1 % predicted change values were adjusted for baseline age, number of cigarettes smoked per day, cotinine level, postbronchodilator FEV 1 % predicted, exposure to dust or fumes, body mass index, percentage bronchodilator response, and O'Connor slope, the results for men and women in the usual care group were slightly closer (table 2) . (A separate analysis indicated that baseline number of cigarettes smoked per day was a more significant predictor of change than pack-years.) In both the unadjusted and adjusted analyses, women assigned to the smoking intervention group lost less lung function than men did, whereas women in the usual care group lost more. This interaction of gender and treatment group was significant (p = 0.012).
The mean FEV 1 % predicted values for smoking intervention participants increased notably in the first year: approximately 1.5 percent predicted for women and 0.5 percent predicted for men. Thereafter, the values declined and converged to approximately the same value for both genders at year 5. The values for men and women in the usual care group decreased steadily during the 5 years, with mean lung function loss for women being greater than that for men. The net effect of intervention after 5 years of follow-up was clearly greater for women than for men.
Retrospective analysis of smoking history
Men in the Lung Health Study were more likely than women to achieve sustained smoking cessation (18.3 percent vs. 15.7 percent, p = 0.016). However, the genders did not differ significantly regarding the proportions of intermittent quitters or continuing smokers.
The rates of change per year in postbronchodilator FEV 1 % of predicted are shown in table 3 by gender and by categories of smoking history. In the unadjusted analysis, women sustained quitters actually gained lung function on average across the study years compared with men, whose status remained essentially the same across the 5 study years. Even women intermittent quitters lost less lung function than men did. Women intermittent quitters averaged slightly more years of smoking in the trial than did men intermittent quitters: 2.81 (standard error, 1.18) years for women versus 2.75 (standard error, 1.18) years for men. Men and women who were verified at each annual visit as continuing to smoke were approximately equivalent in their percent predicted lung function loss. Although this analysis was unadjusted, FEV 1 % of predicted effectively adjusts for gender, height, race, and age so that results for men and women can be compared. As shown in the adjusted analysis in table 3, the gender, smoking history, and interaction effects were more noticeable. For men and women continuing smokers, values for lung function change (loss) were very similar. Women intermittent quitters lost less lung function than men did, and women sustained quitters gained a striking percentage of lung function when compared with men. In this analysis, the interaction of gender with smoking history was again significant (p = 0.001). Figure 2 presents longitudinal data on FEV 1 % predicted for men and women verified as being either sustained quitters or continuing smokers during follow-up. Although much of the difference between smoking categories occurred during the first year, differences for both genders continued to increase across subsequent annual visits.
For male sustained quitters, mean FEV 1 % predicted increased from 79.1 to 80.7 during the first year, with a smaller increase through the second year. During the remainder of the study, FEV 1 % predicted decreased slightly in men; the final mean value was 79.6 and was not significantly different from the value at baseline (p > 0.10). Female sustained quitters showed about a 2.3-fold larger improvement in FEV 1 % predicted in the first year, increasing from 78.3 to 82.0, than was noted in men (p < 0.001). This increase was sustained through the second year of the trial and then decreased slightly. At year 5, pulmonary function in female sustained quitters was still better than that noted at baseline: a net increase of 1.9 percent (standard error, 0.4 percent) in FEV 1 % predicted versus a net increase of 0.4 percent (standard error, 0.3 percent) in men.
The difference in response to smoking cessation among men and women was significant and was due largely to differing increases in the first year of smoking cessation. After year 1, no difference was found in mean change in FEV 1 % predicted between men and women who quit smoking. Among continuing smokers, the mean pattern of decline was quite similar for both genders, with women losing slightly more FEV 1 % predicted by year 5 than men did (5.4 percent predicted vs. 5.0 percent predicted).
DISCUSSION
This analysis of longitudinal data on pulmonary function from the Lung Health Study indicated that, among smokers with mild to moderate lung function impairment, women tended to have greater improvement in lung function in response to smoking cessation than did men. In the first year, the improvement in FEV 1 % predicted in women sustained quitters was 2.3 times higher than in men who quit. Similar, but less extreme differences were seen in the 5-year data.
The Lung Health Study had a number of strengths that enabled us to detect the gender/smoking intervention interaction described here, including a large sample size, a relatively high proportion of women, an aggressive smoking cessation program with high rates of initial quitting and low relapse rates (16), a 5-year period of follow-up with followup rates at the fifth annual visit in excess of 94 percent, and high-quality measurement of pulmonary function. The study focused on smokers of both genders who already had mild to moderate COPD, for whom relatively high rates of decline in FEV 1 could be expected.
Note that participants recruited for the study were selfselected and were not a random sample of middle-aged smokers. As in most clinical trials, this factor might limit generalizability of our findings.
Many Lung Health Study participants were found to be reactive to methacholine (11, 14) . Reactivity was closely related to FEV 1 and FEV 1 % predicted and was substantially more common in women (87 percent) than in men (63 percent) (17) . Airways reactivity, as suggested by the "Dutch hypothesis" (18) , was a strong determinant of lung function decline, particularly in continuing smokers. However, our multivariate analyses indicated that the greater response of Lung Health Study women to quitting smoking was only partially explained by gender differences in airways reactivity.
Both differences and similarities exist between the Lung Health Study and other longitudinal studies of pulmonary function and smoking cessation. Lange et al. (19) , who followed a cohort of 7,764 men and women aged 20 years or older in the Copenhagen, Denmark, population, noted that, among women smokers older than age 55 years, the rate of decline in FEV 1 was greater for heavy smokers than for light smokers. No such relation was seen among men. Xu et al. (20) , in a study of 3,287 men and women aged 40-69 years in China, found that women smokers had a greater decrease in pulmonary function than men did. The Chen et al. (21) study of 1,149 adults aged 25-59 years in Saskatchewan, Canada, noted that gender and smoking intensity affected FEV 1 and maximal midexpiratory flow and that women were more affected than men. The observed interaction of gender and smoking intensity was independent of age, height, and weight.
Langhammer et al. (22) , in a survey of more than 65,000 men and women in Norway, noted that, of current and previous smokers, women were significantly more likely than men to report respiratory symptoms and asthma, even after the authors controlled for pack-years of smoking and current levels of cigarette smoking per day. Their conclusion that "women seemed to be more susceptible to the effect of tobacco smoking than men" (22, p. 917) parallels our findings on lung function.
The explanation for an apparent heightened sensitivity to cigarette smoke in women is unknown. It is possible that, since women's lungs tend to be smaller than men's, cigarette smoke is more concentrated in the airways. Thus, pack-years or reported number of cigarettes smoked per day could underrepresent the effective smoke exposure to the lungs of women. If so, women could be expected to have higher levels of cotinine than men do. However, mean levels of salivary cotinine in our study were lower in women than in men, consistent with the baseline difference in number of cigarettes smoked per day.
A second possible explanation might be that, because the FEV 1 of women is lower than that of men, the effect might be related to airways caliber. Our analyses of covariance suggest that that is not the complete explanation. After we controlled for covariates including baseline FEV 1 , gender remained a powerful predictor of response to smoking cessation. In the present analysis, FEV 1 and FEV 1 % predicted were postbronchodilator values and were presumably less subject to day-to-day environmental exposures that may differ by gender.
To summarize, our three most important findings were the following:
1. Among participants who quit smoking in year 1, women showed greater improvements in both FEV 1 and FEV 1 % predicted. Among sustained quitters, 5-year losses in FEV 1 and FEV 1 % predicted were smaller in women than in men.
2. Among participants who continued to smoke, declines in FEV 1 % predicted were about equivalent in women and in men.
3. Evidence of an interaction exists between gender and smoking behavior as determinants of changes in lung function.
The observed gender effects persisted even after adjustment for such potentially confounding factors as baseline lung function, airways reactivity, smoking level, age, and body mass index. Our results should serve as an impetus for more emphasis on smoking cessation among women, especially as the number of women with COPD continues to increase. For women at risk of COPD, there is a clear healthpromotion message here.
